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ABSTRACT 


The brittle star, Amphistigma minuta H.L. Clark, 1938, was collected from Munseom Island, Jeju-do, Korea, 
by SCUBA diving. This species has distinct morphological features, as follows: a small disk with large papillae 
on the disk margin; slender arms and four arm spines at proximal; and oral parts the same as those of the genus 
Amphipholis. Additionally, we obtained partial sequences of the cytochrome c oxidase subunit I gene (COD (513 
bp) and compared them with sequences from Australian A. minuta and 13 other species of Amphiuridae. As a 
result, intraspecific pairwise distance was 0.4% between two Korean individuals and intraspecific distance between 


the Australian and the Korean populations was 2.6-2.8%, which indicates they should be considered as the same 
species. Ultimately, 15 species of the family Amphiuridae have currently been recorded in Korea, including 


A. minuta. 
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INTRODUCTION 


The family Amphiuridae Ljungman, 1867 is the most div- 
erse taxon in the suborder Gnathophiurina Matsumoto, 1915 
and includes 26 existing genera (Stöhr et al., 2019). Ac- 
cording to Shin (2012), 14 species belonging to five genera 
among the Amphiuridae have been recorded in Korea. The 
genus Amphistigma H.L. Clark, 1938 comprises two spe- 
cies: A. minuta H.L. Clark, 1938 and A. watsonae Baker, 
1979. These two ophiuroids are rarely collected and have 
only been reported to occur in the Tasman Sea and the wa- 
ters surrounding Australia (Baker, 1979). 

DNA barcoding has proven to be an effective tool for 
species identification in ophiuroids and other echinoderms 
(Ward et al., 2008; Hoareau and Boissin, 2010; Uthicke et 
al., 2010; Layton et al., 2016; Boissin et al., 2017). DNA 
barcoding employs sequence variation in a gene or genes, 
such as the 658 bp region of the mitochondrial cytochrome 
c oxidase subunit 1 (COI) gene, as a tool for specimen iden- 
tification and species discovery (Hebert et al., 2003). Fur- 


thermore, field surveys coupled with DNA barcoding have 
proved useful for rapidly assessing biodiversity (Hebert et 
al., 2003; Miller et al., 2016), and an integrative approach to 
taxonomy has emerged as a powerful and necessary means 
for assessing species boundary and species diversity (Puil- 
landre et al., 2012). According to a previous ophiuroid DNA 
barcoding study (Boissin et al., 2017), the Kimura 2-para- 
meter (K2P) interspecific distance within the class Ophi- 
uroidea has been reported to range from 5.6% to 31.6%, with 
a mean of 18.9%, and intraspecific distance ranged from 
0.5% to 6.4% with a mean of 2.2%. 

In this study, we redescribed the brittle star, A. minuta, 
with detailed figures produced by scanning electron micros- 
copy (SEM). In addition, we obtained partial COI sequences 
and uploaded them to the GenBank database. 

The brittle stars were collected from Munseom Island, 
which is located on the southern coast of Jeju-do, Korea. 
Samples were collected by SCUBA diving, separated from 
bryozoans, then immediately preserved in ethyl alcohol 
solution (>95%). The samples were deposited at the Marine 


€ This is an Open Access article distributed under the terms of the Creative 
Commons Attribution Non-Commercial License (http://creativecommons.org/ 
licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, 
and reproduction in any medium, provided the original work is properly cited. 


eISSN 2234-8190 


*To whom correspondence should be addressed 
Tel: 82-2-3399-1723, Fax: 82-2-3399-1729 
E-mail: shins@syu.ac.kr 


Copyright © The Korean Society of Systematic Zoology 


Anim. Syst. Evol. Divers. 35(2), 84-90 


© 
bel 
N 
g “= 
2 
© 
2 
a oO 
oO par 
i 
a 
E 
p= Ln 
Ww be | 
2 
© 
[e] 
a 
<+ 
= ~ 
2 
H 
< mM 
c= wc 
= 
aS) 
N 
pa = 
o 
E 
= 
bas 
SIH 
vjz 
Ele 
ejg 
ojll 2 
ra E A 
i + 
N] YL 
o | oc N 
æ . 
3|8g8 o s 
Els mM 
SJE 
vo] & 070 
c|] ano 
= NA 
2 
A B00) 
=| N MANAM 
so ANAN 
D 
& DODN 
5 ite) Hote 
D NANA 
© 
1S) 
~ ONNO 
3 in AnytrNne 
Mast ANNANA 
| 
v 
3 motno 
z + nuoneowonm 
L NNN NAANAN 
iS 
O CONDHANRGA 
O mM A ROP A Re 
O ONNANONN 
T ANN NAMNAN 
T 
z w~aaoronna 
[a] N NOONAN ALNO 
£ ANNAMAN 
[e] 
= Teantraoarytn 
E = SNUOOOTOHO 
a ANNAMAN 
a 
n S ONNENN O 
zZ 
in| < NBOkneontonnan 
c of  O2eogoomoooooo 
olaa S NN NuauNNANANALN 
CUl/AANRDADAAAGSTD 
a) Oo Oo 10ND 0 HW OO 
Sjo8l/¥¥3B05N5N5355 
© o/fTPVvra2yzwyvyyvyVy 
a © 
© 
= AART 
% 88s 
wn © 
fo 
Z 664 © £ 
2 ww oor 
© Co I gee Sf 
> xt cb 8 
ANOS SH MERS) 
fs} segeaet IQS 
2 v Bee EE TROF 
S oO 335 = CoRL 
P| oo |€FFSseosus 
2 D FEEESSTSEAHVSD 
B Q aa Raan 
gl 2 Sct kusaotcus 
a SSSSSeeegs 
T RRES 
a Gel eS oS oo SS 
a agaaaqagagagagaagad 
-i EEEEEEEEEE 
o bs hs Gs Gs Cs Ch kG Gk S 
F=] 
© ANMTNORADO 
e = 


26.3 26.9 26.6 25.0 23.3 24.0 26.4 25.9 26.2 24.6 
22.7 23.3 23.8 22.5 21.8 23.3 23.7 24.3 23.7 25.4 


KU895053 


iocentrus inaequalis 
iocentrus pilosus 


11 Oph 
12 Oph 
13 Oph 


17.6 


22.3 22.8 23.4 21.5 25.8 29.0 26.9 26.8 25.6 29.1 24.3 26.0 


KU895049 


KU895055 


iodaphne formata 
odaphne scripta 


24.6 24.7 23.3 23.2 26.7 29.5 27.4 25.9 27.0 24.6 26.4 26.4 20.5 


KU895056 


24.4 24.9 22.7 24.8 24.8 25.4 27.5 27.6 26.3 24.0 24.3 21.9 24.6 24.1 


KU895058 


ophragmus filograneus 


23.8 24.3 24.0 24.0 25.7 24.4 24.5 29.3 23.2 23.5 23.7 21.6 21.1 23.8 19.9 


KU895059 


ophragmus wurdemanii 


14 Oph 
15 Oph 
16 Oph 


27.3 27.9 27.0 28.1 27.8 27.6 25.9 29.6 25.8 30.4 23.7 23.7 28.3 31.1 27.2 28.7 


27.0 27.6 25.6 27.6 26.8 26.9 28.2 30.3 29.3 30.8 25.1 


AB758778 


17 Astroceras annulatum 


19.6 29.2 31.1 25.4 24.6 20.1 


AB758754 


18 Asteromorpha capensis 


Amphistigma minuta in Korea 


Echinoderm Resources Bank of Korea (MERBK). The spec- 
imens were lightly bleached following the methods of Stöhr 
et al. (2012b), before being examined by SEM. Bleached 
specimens were dried in an oven for 6 h at 55°C, then pho- 
tographs were taken using the JSMmicroscope 6510 SEM 
(JEOL, Tokyo, Japan). 

The total genomic DNA was extracted from the podia 
tissue of Korean A. minuta following the DNeasy kit pro- 
tocol (Qiagen, Hilden, Germany). A COI fragment with a 
length of approximately 540 base pairs (bp) was amplified 
using the primer pair OphiF1 (Driskell, unpublished) and 
COIceR (Hoareau and Boissin, 2010). The PCR cycle initi- 
ated denaturation at 95°C (8 min), which was followed by a 
sequence of 95°C (30 s), 50°C (45 s), and 72°C (60 s) for 40 
cycles, finishing with a final elongation at 72°C (12 min). 
PCR product quality was assessed by electrophoresis using 
a 1.0% agarose gel and the NanoDrop 1000 (Thermo Scien- 
tific, Waltham, MA, USA). PCR products were sequenced 
using ABI BigDye Terminator kits (Applied Biosystems, 
Foster City, CA, USA) on the ABI 3730XL DNA Analyzer. 
To construct a neighbor joining tree, we used two sequences 
from Korean A. minuta and 16 ophiuroid sequences from 
GenBank, including 14 species of Amphiuridae and two 
euryalids as outgroups (Perseke et al., 2010; Okanishi and 
Fujita, 2013; Hugall et al., 2016): Astroceras annulatum 
Mortensen, 1933 (GenBank accession No. AB758778) and 
Asteromorpha capensis Mortensen, 1925 (GenBank acces- 
sion No. AB758754) (Table 1). Pairwise genetic distances 
based on p-distances were calculated using MEGA7 (Ku- 
mar et al., 2016) and gaps and/or missing data were treated 
as pairwise deletions. In order to compare our results to 
data from the literature, K2P distances were also calculat- 
ed. Neighbor-joining (NJ) analysis (Saitou and Nei, 1987) 
based on p-distances with 1,000 non-parametric bootstrap 
replicates (Felsenstein, 1985) was performed using MEGA7 
(Kumar et al., 2016). 


SYSTEMATIC ACCOUNTS 


Class Ophiuroidea Gray, 1840 

1* Superorder Ophintegrida O’Hara, Hugall, Thuy, Stohr 
and Martynov, 2017 

?*Order Amphilepidida O’ Hara, Hugall, Thuy, Stöhr and 
Martynov, 2017 

Suborder Gnathophiurina Matsumoto, 1915 

Superfamily Amphiuroidea Ljungman, 1867 

Family Amphiuridae Ljungman, 1867 


Korean name: *@A}o]4hS (414), “AAS (Al) 
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Fig. 1. Scanning electron microscopy images of Amphistigma minuta H.L. Clark, 1938. A, Dorsal side; B, Ventral side; C, Radial 
shields, disk scales, and disk papillae; D, Disk margin and dorsal side of arm. AS, arm spine; DA, dorsal arm plate; DP, disk papilla; 
DS, disk scale; LA, lateral arm plate; RS, radial shield. Scale bars: A, B=500 um, C, D=200 um. 


Fig. 2. Scanning electron microscopy images of Amphistigma minuta H.L. Clark, 1938. A, Oral frame and ventral side of proximal 
arm; B, Oral frame. AOS, adoral shield; OP, oral papilla; OS, oral shield; VA, ventral arm plate. Scale bars: A=200 um, B=100 um. 


!*Genus Amphistigma H.L. Clark, 1938 Amphistigma minuta HL Clark, 1938: 245; AM Clark, 1970: 
33; Baker, 1978: 47; Stöhr et al., 2019: 242886. 
2* A mphistigma minuta H.L. Clark, 1938 


Korean name: * 29338 70] 27}, -2S(A14), “4-288 7D] S744 lA) 
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Amphistigma minuta in Korea 


Fig. 3. Scanning electron microscopy images of Amphistigma minuta H.L. Clark, 1938. A, Dorsal side of arm; B, Arm spines and 
part of dorsal side of arm; C, Lateral side of arm; D, Ventral side of arm and disk; E, Tentacle scale and arm spines; F, Ventral side 
of distal arm. AS, arm spine; d, distal; DA, dorsal arm plate; LA, lateral arm plate; p, proximal; TP, tentacle pore; TS, tentacle 


scale; VA, ventral arm plate. Scale bars: A-D, F=100 um, E=50 um. 


Material examined. 10 specimens, Korea: Jeju-do: Mun- 
seom Island (33°13'38.2"N, 126°33'47.4"E), 27 Nov 2018, 
depth of 35.7 m, SCUBA diving, Lee T; eight specimens, 
Munseom Island (33°13'38.7"N, 126°33'47.3"E), 28 Nov 
2018, depth of 28.8 m, SCUBA diving, Lee T. 

Description. Disk small, round (diameter: 1.5-2.4 mm) (Fig. 
1A, B), covered with well-defined scales (Fig. 1A, C). Large 
disk papillae, tapered to the tip with dulled single point situ- 
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ated at disk margin (Fig. 1C). Five arms, slender, four to five 
times longer than disk diameter. Radial shields relatively 
large, with length approximately a quarter of disk diameter 
and rounded triangular form, closely appressed to the radi- 
al line. Oral shield small, triangular form, wider than long 
with rather sharp proximal angle (Fig. 2A, B). Adoral shield 
large, slightly over two times wider than long, proximally 
and distally separated by oral shield (Fig. 2B). Three oral 
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Asteromorpha capensis (AB758754) 


Astroceras annulatum (AB758778) 


Ophiocentrus inaequalis (KU895053) 


68 


Ophiocentrus pilosus (KU895049) 


Amphiura (A.) poecila (KU895035) 


98 


95 71 


Amphiura (A.) strictacantha (KU895036) 


Amphiura joubini (KU895004) 


61 Amphiura (O.) dikellacantha (KU895018) 


52 


Amphiura latisquama (KU895020) 


81 


Amphiura (F.) octacantha (KU895025) 


Ophiophragmus filograneus (KU895058) 


57 
44 


aepuniyuduy 


Ophiophragmus wurdemanii (KU895059) 


Ophiodaphne formata (KU895055) 


43 80 


Ophiodaphne scripta (KU895056) 


71 Amphipholis squamata (NC_013876) 


99 Amphistigma minuta (KU895015) Australia 


100 Amphistigma minuta (MK612076) Korea 


100 


Amphistigma minuta (MK612077) Korea 


0.05 


Fig. 4. Neighbor joining analysis of 513 bp COI sequences based on p-distance with 1,000 non-parametric bootstrap replicates. The 


values of bootstrap support are indicated on each node as <100. 


papillae on each side of the jaw, with distal the largest, and 
twice as long as others (Fig. 2B). No oral tentacle scale (Fig. 
2B). Dorsal arm plate ovate, slightly wider than long (Fig. 
3A). Lateral arm plate wider than long, similar in length to 
dorsal arm plate (Fig. 3A-C), and spine articulation same as 
that of amphiurid form. Ventral arm plate longer than wide 
and concaved in the middle of lateral margin by tentacle 
pore (Fig. 3D, F). Arm spines four to three from proximal 
to distal, short, stout, pointed (Fig. 3A-C), and ventral-most 
arm spine thorny and slightly larger than others (Fig. 3C). 
Tentacle scale single, ovate, relatively large (Fig. 3D, E), 
and tentacle pore naked from fourth or fifth ventral plate (Fig. 
3F). 

Habitat. The species has been reported to occur on algae in 
the shallow waters of the Tasman Sea and the waters sur- 
rounding Australia, at a depth range of 2-15 m (Baker, 
1979). We collected A. minuta at a depth of 28-33 m from 
Munseom Island, Jeju-do, Korea, which had a water tem- 
perature of 20°C here, and the brittle stars occurred on the 
bryozoan Bantariella bocki (Silén, 1942), which covered 
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several black corals at this site. 

Distribution. Korea (Jeju Island), Tasman Sea, and South- 
ern/Western Australia. 

Remarks. This species has been recorded in the restricted 
regions as the Tasman Sea and the adjacent waters of Aus- 
tralia (Clark, 1938; Clark, 1970; Baker, 1979). To the best of 
our knowledge, this study is the first to report A. minuta in 
the northern Pacific region and is the deepest collection re- 
cord for this species. 

Our A. minuta specimens displayed some morphological 
and molecular differences to Australian A. minuta. Pre- 
vious studies have recorded that A. minuta had three arm 
spines proximally (Clark, 1938), but our specimens have 
four, which was the only morphological difference observed 
between Australian and Korean A. minuta. Moreover, we 
compared mitochondrial COI sequences (513 bp) from Ko- 
rean and Australian A. minuta. The pairwise distance values 
highlighted a 2.6-2.8% difference between the Korean and 
Australian A. minuta (Table 1). These values were lower 
than average compared to interspecific distances in previous 


Anim. Syst. Evol. Divers. 35(2), 84-90 


ophiuroid DNA barcoding studies (18.9%), and these val- 
ues were similar to the average intraspecific distance within 
ophiuroids (2.2%) (Boissin et al., 2017). Furthermore, the 
results of the NJ analysis confirmed that Korean and Aus- 
tralian A. minuta form a distinct monophyletic clade, which 
presented a close relationship with Amphipholis squamata 
Ljungman, 1867 (Fig. 4). The class Ophiuroidea is a diverse 
and abundant taxon within the echinoderms, occurring from 
the equator to the poles and from coastal shores to hadal 
trenches (Stohr et al., 2012a). The Indo-Pacific region has 
the highest ophiuroid species richness overall (Stohr et al., 
2012a), and within this region, some ophiuroid species in- 
habited Korea and Southern Japan (Rowe and Gates, 1995; 
Shin, 2012). Accordingly, even though our specimens were 
found far from their region of origin (Australia), we consid- 
er that Korean A. minuta are the same species as Australian 
A. minuta. 
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